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Abstract 
An original power controlling driving/reading circuit for Porous Silicon JFET (PSJFET) gas sensors is presented. The PSJFET is 
an integrated p-channel JFET with two independent gates: a meso-structured PS layer, acting as a sensing, floating gate, which 
modulates the JFET current upon adsorption/desorption of specific analytes, and a high-impedance electric gate, which allows 
the JFET current tuning independently from analytes in the environment. The circuit exploits the independence of the sensing and 
electrical gate terminals to set/control the sensor power-dissipation, which is kept almost constant independently from 
adsorption/desorption-induced effects, while simultaneously carrying out a current-voltage conversion. For such a purpose, a 
negative feedback loop is used to modulate the PSJFET electric gate voltage, which becomes the output signal, while keeping 
constant the source-drain sensor current and, hence, the power dissipation. The proposed approach is validated by performing 
time-resolved measurements on PSJFET sensors under different NO2 concentrations (100ppb, 300ppb, 500ppb), at room 
temperature. 
 
1. Motivation 
In recent years, there has been an increasing interest in developing high-sensitive and high-reliable integrated gas 
sensors for monitoring different toxic gases, such as CO or NOx, in household, industrial and environmental settings. 
The exploitation of such sensors for the development of miniaturized sensing platforms, containing an array of 
different sensing elements and the necessary driving-readout electronic interface on the same chip, has been also 
recently proposed for different applications, such as high-density wireless sensor networks for security and 
environmental monitoring. Besides high sensitivity and reliability, today chief requirements for sensing platforms 
are small-size, low-cost and low-power consumption.  
In this framework a new type of conductometric gas sensor, namely PSJFET (Porous Silicon JFET), has been 
recently proposed [1]. The use of porous silicon as sensing material for integrated sensor fabrication has some 
advantage with respect to other well-known materials, such as metal oxides, polymer and carbon nanotubes: 1) a 
huge surface to volume ratio (over 500 m
2
/cm
3
), 2) a high room-temperature chemical reactivity and, 3) an intrinsic 
compatibility with the silicon technology [2-4]. The PSJFET is a CMOS-compatible sensor able to detect hundreds 
ppb of NO2 at room temperature, thus reducing quiescent (in absence of pollutant) power consumption with respect 
to other sensors, based on metal oxides, polymer or carbon nanotubes, which usually require heating the sensing 
material up to a few hundreds Celsius degrees for an optimal operation [5-7]. However, the PSJFET power 
dissipation can significantly increase during operation due to conductivity changes induced by pollutant adsorption 
in the PS layer. Such an increase in the power dissipation, typical for high-sensitivity conductometric gas sensors, 
would be a relevant drawback for wireless sensor networks and the possibility of tuning/setting the power 
Procedia 
Chemistry  
1876-6196/09     © 2009 Published by Elsevier B.V. 
doi:10.1016/j.proche.2009.07.047
Procedia Chemistry 1 (2009) 188–191 
Open access under CC BY-NC-ND license.
 dissipation would greatly help. For this reason a novel approach for driving/reading the PSJFET that allows both 
controlling the power dissipation and performing a current-voltage conversion of the signal is hereinafter proposed 
and its validity is experimentally demonstrated. 
2. PSJFET fabrication and working principle 
The PSJFET fabrication process consists of the following main technological steps: 1) boron implantation and 
diffusion (in an n-type silicon substrate with doping of 10
15
 cm
-3
) to form a p-type layer, 2.6 μm deep with a surface 
doping of 10
17
 cm
-3
; 2) aluminum evaporation on the sample front-side and patterning (1st mask) to define two 
interdigitated electrical contacts for the drain and source terminals; 3) aluminum evaporation on the sample back-
side to define the electrical gate contact; 4) source and drain contacts protection by using a photoresist mask (2nd 
mask) hardbaked at 140 °C for 30 minutes; this step is required to make the resist layer able to withstand the 
electrochemical etching (anodization) in HF, which is necessary to the next PS formation. 5) The final step was the 
selective anodization of the p-type material through the photoresist-free spaces to produce the PS layer. The 
thickness of the p crystalline layer underneath the PS layer, and thus the cross-section of the JFET p-channel, 
depends on the anodization time. On each chip several sensors with different dimensions were integrated. A 
schematic representation of the PSJFET is reported in Figure 1-left. 
The PSJFET can be envisioned as a p-channel JFET provided with two independent gates: the PS layer, which 
acts as a floating sensing gate and, the high-impedance electric gate. The former tunes the p-channel depletion 
region w1 at the PS/p-channel interface upon adsorption/desorption of specific analytes in the PS-itself. The 
presence/absence of analytes in the PS layer gives rise to a change in the unbalanced charge of the PS layer itself, 
thus inducing a modulation of the depletion region w1. On the other hand, the electric gate allows modulating the p-
channel depletion region w2 at the p-channel/n junction independently from analyte concentration in the 
environment. The sensor current IDS, that is the current flowing from drain to source throughout the p-channel, 
depends both on the adsorption/desorption process in the PS gate and on the electrical gate voltage. By biasing the 
PSJFET with a chosen fixed gate-source voltage and drain-source voltage, adsorption/desorption of analytes can be 
detected by monitoring changes in the sensor current, which represents the sensitive quantity. 
Experimental results on the PSJFET [1] show that as-anodized PS layers have a positive unbalanced charge, 
which reduces the p-channel size by a value w1. Adsorption/desorption of NO2 in PS causes a reduction/increase of 
the PS layer positive charge, which reduces/increases the depletion region width w1, thus increasing/reducing the 
sensor current. As expected, due to the PSJFET high-sensitivity, a relevant power consumption variation occurs 
upon exposure of the sensor to NO2 (for instance, exposure to 300 ppb of NO2 produces a variation of about 130%), 
with respect to the quiescent value in synthetic air.  
            
Fig. 1. Schematic representation of the PSJFET (left) and power-controlling driving/reading circuit (right). 
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 3. PSJFET driving/reading circuit 
Likewise standard JFET devices operating in saturation region, PSJFET power consumption can be ideally 
calculated as PDS=IDSVDS, where IDS and VDS represent the current and the voltage between the drain and the source 
terminals of the sensor. In fact, as the p-channel/n junction is reverse biased, the electrical gate can be considered a 
high-impedance terminal and thus power consumption due to current flowing through it can be neglected, at least in 
a first order approximation. Under this approximation, chosen a constant value for VDS, the power dissipation 
linearly depends on IDS, which changes with both adsorption/desorption processes in the PS layer and electrical gate 
voltage VGS. 
By exploiting the independence of the PSJFET sensing and electrical gates it is feasible to maintain the IDS 
current to a constant chosen value, for a fixed VDS value, and to achieve constant power dissipation. In fact, by 
properly changing the VGS voltage and, in turn, the w2 width, it is possible to compensate for w1 width modulation 
induced by adsorption/desorption of analytes in the PS layer. In this work, a negative feedback loop circuit (Figure 
1-right) is employed to increase/reduce the absolute value of the VGS voltage as soon as the IDS current tends to 
increase/reduce in consequence of adsorption/desorption of NO2 in PS. The PSJFET is biased with a constant 
negative VDS voltage, while its IDS current is maintained to a chosen value, imposed by using a constant current 
source IDS0, by driving the electrical gate of the JFET with the output voltage of an operational amplifier, used to 
perform a negative feedback loop. In the presence of analyte adsorption/desorption transients, the IDS current tends 
to increase/reduce, and the difference between IDS0 and IDS unbalances the input voltage of the operational amplifier, 
which, in turn, modulates the PSJFET gate voltage to reduce the current difference. Due to the high open-loop gain 
of the amplifier and the high impedance of both the amplifier input and the gate terminal, the PSJFET current is 
constant and equal to the value IDS0. The power dissipation main term PDS can be, therefore, imposed by properly 
setting the values of both the IDS0 current and the VDS voltage. However, as will be better clarified in the next section, 
the power consumption (and variation) at the electrical gate, up to now considered negligible, must be also taken 
into account for a better estimation of the circuit performances. 
It is worthy of noting that, choosing the PSJFET gate voltage as circuit output, the circuit also carries out a 
 
Fig. 2. Typical time-resolved measurements of a PSJFET: a)  NO2 concentration steps in synthetic air, at 30 °C, b) gate voltage VG 
(output signal), c) source current IDS (sensitive quantity), d) gate current IG, e) total PSJFET power dissipation. 
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 current-voltage conversion of the sensitive quantity IDS, for a more convenient output sensor reading. 
4. Experimental results and comments 
Experiments validating the functionality of this approach were carried out setting up the here above reported 
driving/readout circuit (using a PSJFET as sensor and an OP7 as operational amplifier) and exposing the sensor to 
several NO2 concentrations. A SourceMeter Unit (Keithley 2400) was chosen to both impose the IDS0 current and 
measure the output VG voltage. The sensor was mounted on a TO8 case and inserted in a sealed chamber at the 
controlled temperature of 30°C. The flow through technique was used to expose the sensor to alternating streams of 
synthetic air and NO2, the latter at concentrations of 100 ppb, 300 ppb and 500 ppb in synthetic air as carrier gas. 
The sensor drain was polarized with a picoammeter (Keithley 6487), which imposes the VDS voltage and measures 
the IDS current flowing throughout the drain terminal. A voltage value of -2 V was chosen for VDS in order to work 
with the PSJFET in the saturation region for all the NO2 tested concentrations. Typical time-resolved measurement 
results are shown in Figure 2. 
As expected, the output signal VG (Figure 2-b) changes accordingly to NO2 injection/removal into/from the 
testing chamber (Figure 2-a), while the IDS current is maintained equal to the constant value IDS0, independently from 
the NO2 concentration (Figure 2-c). Figure 2-d and 2-e show the gate current IG and the PSJFET total power 
consumption during the circuit operation, respectively. A variation of the current IG is also clearly visible as the 
polarization voltage VG changes. Thus, even if the power consumption main value if maintained constant through 
the use of the proposed circuit, a residual power variation is still present because of changes of both current and 
voltage at the electrical gate terminal. Therefore, a better evaluation of the PSJFET power consumption can be 
obtained by taking into account the power dissipation at the gate terminal (Figure 2-e). Even if the gate current value 
is quite high in this specific case, mainly because of the wide sensor chip area (5x5 mm
2
), only a power variation of 
P~70 W, is registered in response to 300 ppb of NO2, which corresponds to less than 10% of the total power 
dissipation. Moreover, this value is much lower than the PSJFET power variation obtained in the same conditions 
without the driving/control circuit (about 130%). 
5. Conclusion 
A new approach for driving/reading Porous Silicon JFET (PSJFET) gas sensors allowing to control the power 
dissipation and simultaneously to carry out a current-voltage conversion has been presented. A negative feedback 
circuit was used to modulate the PSJFET gate voltage in order to keep the sensor current, and hence the power 
dissipation, almost constant. Experimental results confirm the reduction of the power consumption variation to less 
than 15% of the total power dissipation, as worst case with NO2 concentrations in the range 0-500 ppb.  
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